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I. In t roduc t ion  

Polynethylpentene f i l m  w a s  . t he  i n i t i a l  choice o f  
polymer s u b s t r a t e  to be used i n  t h i s  i n v e s t i g a t i o n  f o r  t w o  
reasons. F i r s t ,  l i t t l e  o r  no work on t h e  g r a f t i n g  of  nononers 
t o  PXP f i l m  has been published. Second, conpariscn of the graft- 
i n g  behavior  o f  poly(4-methylpentene-1) with 0th er hydrocarbon 
polymers such as polyethylene and polypropylene should lead  t o  
u s e f u l  conclusions. 

polyethylene,  and polypropylene a r e  shown i n  Figure 1. Opposite 
each branch is  a t e r t i a r y  kjdrogen aton.  T e r t i a r y  hydrogen hAs 
been 'assoc ia t3d  by aany i n v e s t i g a t o r s  wi th  the  easy f o r m t i o n  
o f  polymeric r a d i c a l s .  The u n i t  s t r u c t u r e  o f  polypropylene bea r s  
one t e r t i s r y  hydrogen a t m  f o r  every t h r e e  carbon a toms,  and the  
saw r a t i o  e x i s t s  i n  polynethylpentene. The unusual f ea tu re  i n  

The u n i t  s t r u c t u r e s  o f  t h e  cha ins  o f  polymethylgentepe, 

polyaetnylgentene i s  t h a t  o n l y  50 percent  o f  t h e  t e r t i a r y  hydrogens 
a r e  loca t ed  on the  n a i n  chain, while t h e  other 50 percent 2re 
l o c a t e d  on  s i d e  chains.  Although not  shown by t h e  polyethylene 
u n i t  s t r u c t a r e ,  it is  well known t h a t  polyethylene contains  
rcinor anounts of chain branching as revealed by in f r a red  s t u d i e s  
and o t h e r  evidence. If the presence o f  t e r t i a r y  hydrogen i s  r e -  

l z t e d  t o  ease of r a d i c a l  formation aQd g r a f t i n g ,  the d i f f e rences  
i n  branching of t h e  t h r e e  polyrcers should l e a d  t o  d i f f e rences  I n  
a r a f t i n g  behavior. . .  



The work done t o  date c o n s i s t s  a a i n l y  i n  t h e  con- 
s t r u c t i o n  of appara tus  and i n  t he  survey of various monomers 
t o  determine which ones -- w i l l  graft on PNP f i l m ,  I. 
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XI, Excerimentsl Procedure 

I \ 
I .  

I 
The 0.5 curie cobalt 60 8ource was designad in the 

I form of a hollow cy l inde r ,  very similar t o  t h e  one descr ibed by 
I Daniels (1). The purpose of the design is t o  provide us'efully 

I 

high r a d i a t i o n  i n t e n s i t y  i n  the center  of t h e  cy l inder ,  while 
keeping t h e  t o t a l  source s t r e n g t h  low enough t o  avoid t h e  need 
f o r  ex tens ive  s h i e l d i n g  f a c i l i t i e s .  Ferrous s u l f a t e  dosimetry (2)  
w a s  used t o  determine the  r a d i a t i o n  dose r a t e  i n  t h e  cen te r  o f  
t h e  cy l inde r  a t  t h e  l o c a t i o n  where the  f i l n  g r a f t i n g  r e a c t i o n s  
were run. "he average of two determinat ions gave a dose r a t e  of 
842 r / h r  a t  that  point .  

Before use ,  each rnmoner was d i s t i l l e d  and s to red  over 
Drier i te  at r e f r i g e r a t o r  temperature. Just p r i o r  t o  making  a 
g r a f t i n g  ru9, t h e  xmnomer was outgassed by mezns of t h e  high 
vacuum system shown i n  Figure 2, The .procedure involved several 
success ive  cycles o f  f r e e z i n g  t h e  monomer, pumping down, and 
thawing the monomer aga in .  In t h e  las t  s t e p ,  the  mononer was 

t r a n s f e r r e d  t o  t h e  f i l n  capsule surrounded by a dry  i c e ' b a t h .  
The capsale  was then  hermet ica l ly  s e a l e d  o f f  at  p o i n t  A with a 
hand torch.  The capsule  containing f i l m  and rnmomer was then  
placed i n s i d e  t h e  coba l t  60 cy l inde r ,  r e p r o d u c i b i l i t y  of l o c a t i o n  
.being assured  by t h e  use of a s p e c i a l  guide tube and spacer. 

i n  area. Afte r  completion of the grafting run, each polymer film 
was e x t r a c t e d  by s t i r r i n g  i n  war3 benzene f o r  48 hours,  then  
d r i e d  i n  a i r  and tieighed. The purpose of t h i s  technique was t o  

remove homopolymer forined i n  o r  on t h e  film. The procedure used 
has been found reasonably success fu l  i n  t h i s  regard by s e v e r a l  
i n v e s t i g a t o r s  (3,4,5). b cor rec t ion  f o r  fila weight 109s d u i w  
e x t r a c t i o n  wa3 made by running a blank (ungraf ted)  film through 
the  e x t r a c t i o n  and dry ing  procedure. All grafting runs wcre 

. .  

Each f i l m  sample was approximately 0.5 cm by 2,O cm 

carried out a t  t h e  t eape ra tu re  o f  t h e  i r r z d i a t i o n  ~ O O P  (23h°C) 
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Percent  g r a f t i n g  was computed from c o r E c t e d  f i l m  
weight (Po) p r i o r  t o  grafting, and weight after' g r a f t i n g  (P ) 
'as fo l lows:  

Q 

. .  

2eroent  Grafting = x 100 (1 1 
\ 

In s e v e r a l  ca ses  t h e  weight of t he  swollen f i l m  (Ps) a t  the end 
OX t h e  run was determined by 'quickly drying the f i l m  between 
f i l t e r  papers and weighing i t  i n  a weighing b o t t l e ,  This pro- 
cedure l e d  t o  some v a r i a b i l i t y  i n  r e s u l t s ,  s ince  the re  was a 
s l i gh t  v a r i a t i o n  in t h e  amount of  l i q u i d  monomer removed f r o n  t h e  
swollen f i l m  by t h e  f i l t e r  aaper. Percent swel l ing  uncorrected 

. for g r a f t i n g  w a s  c a l c u l a t e d  as fo l lows:  

iX s p e c i a l  apparatus  f o r  g r a f t i n g  monomer vapor t o  f i l m  
- was also cons t ruc ted  (Figure 3 ) .  In making a vapdr phase run ,  

t h e  ap;?aratus w i l l  b e  connected t o  t h e  ncuurn line a t  3 o i n t  A. 
After outgass icg  the monomer i n  t h e  u s u d  way, t he  des i r ed  p r e s s m e  
o f  oxygen-free monomer vapor w i l l  b e  introduced i n t o  t h e  appara tus  
sho-a-l i n  'Figure 3 .  The whole appara tus  w i l l  be cu t  f r o n  t h e  
v2cuur.1 l i n e  a t  A ,  takeri t o  the i r r a d i a t i o n  room, End t h e  f i l n  
capsule  i n s e r t e d  i n t o  t h e  ho r i zon ta l  c y l i n d r i c a l  c o b a l t  source. 
As t h e  f i l m  t akes  up monomer vapor, t h e  decrease i n  vapor pressure  
w i l l  be followed t e l e s c o p i c a l l y  on' t h e  manometer , Construct ion 
of t h i s  s p e c i a l  apparatus  i s  now complete, but vapor phase g r a f t -  
ing runs have not  ye t  been made, 

. -. . . . ... 



~ 111. Resu l t s  and Discussion. 
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Resu l t s  ob ta ined  t o  da te  inc lude  a comaarison of t h e  
grafting behavior o f  PXP and polyethylene,  a comgarison o f  mon- 
omer grafting on EMP f i l m ,  t h e  c o r r e l a t i o n  o f  percent swelling 
with percent grafting, and a study 6f the  e f f e c t  of changing t h e  
film thickneds of PPMP. 

t 

i 
! 

. A. Comparison of Polymers. 

The g r a f t i n g  of s tyrene  monomer on polyzle thylpentene 
and polyefhylene i 3  compared i n  F igure  4. The perce,nt g r a f t i n g  
ve r sus  time curve is  l i n e a r  f o r  both. polynethylpentene and poly- 
e thylene ,  a t  1 e a s t . i n  t h e  i n i t i a l  po r t ion  o f  the curve. The 
h igher  percentage o f  branching ( t e r t i a r y  hydrogen) i n  PEP. does 

I , .  

not  produce a h igher  r a t e  of g r a f t i n g  than f o r  polyethylene. This 
i n d i c a t e s  t ha t  t h e  presence o f  t e r t i a r y  hydrogen i s  no t  the pre- 
dominant f a c t o r  i n  determining e a s e  of grafting. However, such 
evidence does  not  r u l e  ou t  t he  p o s s i b i l i t y  that  the  presence of  
t e r t i a r y . h y d r o g e n  nay be one o f t h e  f a c t o r s  which inf luences  
g r a f t i n g .  ( A  comparison curve showing g r a f t i n g  o f  s ty rene  on poly- 
propylene i s  i n  t h e  process of prepara t ion . )  

It i s  recognized t h a t  a comparison o f  r a t e s  at a s i n g l e  
temperature is not  as s i g n i f i c a n t  as a comparison o f  a c t i v a t i o n  
ene rg ie s  based on ra te  measurements a t  a s e r i e s  o f  temperatures. 
Temperature c o n t r o l  equipment i s  now being obtained, which w i l l  
enable  t h e  measurernent o f  energiea o f  ac t iva- t ion .  

B.. Comparison o f  Monomers 

Rates  o f  g r a f t i n g  o f  s ty rene ,  methyl methacrylate ,  
and a c r y l o n i t r i l e  on PMP f i l m  were s tud ied .  G r a f t i n g  of s ty rene  
and methyl methacrylate is shown i n  Figure 5, b u t  t h e  a m o u t  o f  
a c r y l o n i t r i l e  g r a f t e d  was too small t o  measure under t h e  condi t ions  
employed. Polymethylpentene f i lm swelled v i s i b l y  i n  s ty rene  and 

.-. . 
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methyl methacrylate ,  but shoved no apparent  swel l ing  i n  acry lo-  
n i t r i l e .  Tne absence of  swel l ing i n  a c r y l o n i t r i l e  may be re- 
l a t e d  t o  t h e  absence o f  g r a f t i n g  i n  t h a t  monomer, 

a c r y l o n i t r i l e ,  i t  has  been found t o  swel l  i n  s o l u t i o n s  of acrylo-  
n i t r i l e  i n  beneene. Runs w i l l  be oercied o u t  i n  ruoh eobutione 
t o  determine ,if graf t ing  on PMP f i l m  t akes  place under such con- 
d i t  ions. 

* The a u t o c a t a l y t i c  charac te r  o f  t h e  methyl methacrylate 

curve (Figure 5) has a l s o  been observed i n  t h e  g r a f t i n g  of methyl 
methacrylate on polyethylene * (  6)  . 

While PMP f i l m  does not swel l  apprec iab ly  i n  l i q u i d  

C, Rela t ion  of G r a f t i n g  t o  Swelling. 

Figure 6 p l o t s  percent g r a f t i n g  aga ins t  percent 
swel l ing  f o r  0,0055 inch  polyaethylpentene and 0.009 inch  poly- 
e thylene i n  s tyrene.  Tne f i g u r e  shows that t h e  r e l a t i o n s h i p  i s  
l i n e a r  i n  t h e s e  cases ,  S imi l a r  c a l c u l a t i o n s  were made f o r  0.0107 
i n c h  PNF i n  s ty rene ,  but a c1earcu.t l i n e a r  r e l a t i o n s h i p  w a s  not 
obtained. Previous i n v e s t i g a t o r s  have p r e s n t e d  a v z r i e t y  o f  
o,pinions on t h e  r e l a t i o n s h i p  o f  g r a f t i n g  t o  swel l ing,  but most 
appear  t o  regard  swel l ing  a s  one o f  t h e  f a c t o r s  involved i n  

- g r a f t i n g  (7) .  
It was noted' above that PIG! f i l m  does not  swell  ap- 

p rec i ab ly  i n  l i q u i d  a c r y l o n i t r i l e ,  and a l s o  shows no g r a f t i n g  
by a c r y l Q n i t r i l e  under the condi t ions employed. The absence of 
g r a f t i n g  may be r e l a t e d  t o  t h e  lack o f  swelling. 

.D. Diff.usion E f f e c t  on G r a f t i n g  Rate. 

Several i n v e s t i g a t o r s  have remarked t h a t  monomer may 
graft  only i n  t h e  su r face  layer of  t h i c k e r  films, and f a i l  t o  
pene t r a t e  t o  the cen te r  o f  t h e  f i l m .  Such a d i f f u s i o n  limita- 
t i o n  would lower the apparent amount o f  monomer g r a f t i n g  on the  
t h i c k e r  f i l m s ,  expressed as a percentage of t o t a l  film weight. 

. - .  . . . ... 
~ 
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A; t e s t  of t h i s  e f f e c t  for the  g r a f t i n g  of s ty rene  on 
EMP f i l m  i s  presented i n  Figure 7,  which compares t h e  behavior 
of 0.0055 and 0.0107 inch  f i l m ,  The grafting r a t e  s h o w  a s l i g h t  
decraase  f o r  t he  t h i c k e r  f i l m ,  but the  decrease is probably 
wi th in  experimental  e r ror ,  Certainly t h e  d i f f u s i o n  l i m i t a t i o n  
is no t  a major f a c t o r  under these e3perirnental conditions.  

1 .  

\ *  

I IV. Theore t ica l  Background. 
1 .  

A. General Discussion, 

While E'igure 7 does n o t  -show much o f  a decrease i n  
r a t e  f o r  t h i c k e r  f i l m  due t o  the slowness o f  monomer d i f f u s i o n ,  
i t  is  q u i t e  l i k e l y  tha t  the e f f e c t  w i l l  show up i n  some phase 
of the  present  i n v e s t i g a t i o n .  Most wri ters  i n  t h i s  f i e l d  have 
mentioned the  e f f e c t  of t he  d i f f u s i o n  l i m i t a t i o n ,  and soffie have 
discussed it extens ive ly .  

For example, Hoffman ( 3 )  c a r r i e d  out  r a d i o l y t i c  graft-  
i n g  o f  s ty rene  on polyethylene f i l m ,  and pos tu la ted  tha t  mononer 
concen t r a t io3  wi th in  the f i l m  may decrease during g r a f t i n g  due 
t o  the  i n a b i l i t y  of th2 d i f f u s i o n  o f  monomer i x t o  t h e  f i l m  t o  
keep pace with i t s  r a t e  o f  r e a c t i o n  i n  the  f i l m .  I n  l i n e  with 
t h i s  p o s t u l a t e ,  he observed t h a t  g r a f t i n g  was f a s t e r  f o r  t h i n  
f i l m s  than  f o r  t h i c k  f i l m s  on t h e  bzsis o f  percentage o f  t o t a l  
f i l m  weight. H e  introduced t h e  i d e a  of a c r i t i c a l  f i l m  th ickness ,  
above whi-ch t h e  r a t e  o f  graf t ing on a weight percentage basis 
.should f a l l  o f f  r ap id ly ,  

Chapi ro  (7 )  found t h a t  t h e  r a t e  of  grafting o f  s ty rene  
on polyvinylch lor ide  f i l m  a t  2OoC was e n t i r e l y  cont ro l led  by the  
r a t e  of d i f f u s i o n  o f  monomer i n t o  t h e  i n t e r i o r  of t h e  f i lm .  'then 
the r e a c t i o n  temperature wa3 increased t o  6OoC, t h e  monomer d i f -  
fu sed  i n t o  t h e  f i l a  more r ap id ly ,  r e a c t i o n  r a t e  was no longer  
l i m i t e d  by d i f f u s i o n  r a t e ,  and t h e  r e a c t i o n  k i n e t i c s  became 
"normal". 

. .  

. . :. .- 
' .. 



I .  

- 7  - 

!he  s i t u a t i o n  tha t  probably e x i s t s  i n s i d e  the polyner 
f i l m  can be i l l u s t r a t e d  by reference t o  Figure 8, which com2ares 
a t h i n  f i l m  ( A )  with a much th i cke r  f i l m  (B), Considering f i l m  ( A )  
f i rs t ,  t h e  s o i i d  curve shows t h e  monomer concentrat ion p l o t t e d  
ve r sus  f i l m  th ickness  a f t e r  a constant  rate o f  grafting i s  
a t t a i n e d  ( l i n e a r  po r t ion  o f  g r a f t h i  versus  time curve).  The 
concent ra t ion 'of  monomer has not quite reached zero  a t  the  cen:er 
of the f i l m ,  but i t  i s  much lower than  a t  t h e  f i l m  surface.  The 
dot ted  l i n e  i n d i c a t e s  t h e  equi l ibr ium concentrat ion,  Co , which 
would be t h e  uniform concentcztion a t t a i n e d  i f  the f i l m  were 
simply immsrsed i n  monomer and allowed t o  become s a t u r a t e a  with 

I .  

monomer i n  t h e  absence of t h e  g r a f t i n g  r eac t ion .  

sumed before  i t  can d i f f u s e  t o  the c e n t e r  of t h e  f i l m .  The supply 
of monomer i n  a considerable  port ion o f  t h e  center  of t h e  f i l m  
i s  conpletely exhzusted. Under t h e s e  c i rcuas tances ,  t h e  aononer 
penetr?tes  t o  a l i z i t e d  depth,  d ,  and a l l  o f  t h e  g r a f t i n g  t a k e s  
p lace  wi th in  a d i s t a n c e  d f rom t h e  sur face  o f  t h e  film. Hence, i f  
the f i l m  were t h i c k  enough, the absolu te  weight of mononer g r a f t e d  
per  u n i t  t i n e  should be proportional '  t o  f i l m  su r f ace  a rea  rath43r 
-than f i l a  weight. It fo l lows  t h a t  t 3e  r a t e  o f  f i l m  g r d t i n g  i n  
g rans  monomer per u n i t  area per  u n i t  t ime should  ,become constant  

* above a c e r t a i n  f i l m  th ickness ,  a t y p e  o f  r e l a t i o n s h i p  shoxn i n  
F igure  9. 

As far a s  t h e  writer can f i n d ,  the r e l a t i o n s h i p  shovn 

In the t h i c k e r  f i l m  (B) the. monomer r e a c t s  and is con- 

* 

I i n  F igur?  9 has n e i t h e r  been pos tu la ted  nor t e s t e d  i n  the e x i s t - *  
i n g  l i t e r a t u r e  on f i l m  g rz f t ing .  One of t h e  ob jec t ives  o f  t h e  
p re sen t  r e sea rch  i s  t o  c a r r y  out an expe r immta l  t e s t  o f  t h e  
r e l a t i o n s h i p .  

B. Mathematical Ap~rozch.  

The c u m e s  f o r  c o n c m t r a t i o n  f u n c t i o n  versus  f i l m  
t h i ckness  shown i n  'Figure 8 are  hypothe t ica l .  Even an approxinate  
theo ry  for computi3g such curves would be h e l p f u l  i n  c o r r e l a t i n g  

. .. . . . ... 



i 

.- 

and expla in ing  a considerable  body of f i l m  g r a f t i n g  data. One , 

approach is  t o  s e t  up a d i f f e r e n t i a l  equation by equat ing the  
d e r i v a t i v e  o f  concent ra t ion  with time t o  the sum o f  two terms, 
one t s r m  based on F i c k ' s  law of d i f f u s i o n  and the o t h e r  term 

I 

based on t h e  r e z c t i o n  k i n e t i c s  o f  monomer consmpt ion  wi th in  
the  f i l m ,  The s o l u t i o n  of  such a d i < f e r e n t i a l  equat ion r e s u l t s  
i n  a concent ra t ion  func t ion  curve of  the s o r t  shown i n  Figure 8 ,  

. The s o l u t i o n  can o f t e n  be expressed i n  t h e  form of  a mathematical 
s e r i e s ,  where i t  rnay be necessary t o  eva lua te  s e v e r a l  terms i n  

! 

order  t o  compute the  concentrat ion curve w i t h  acceptab le  accur- 
acy. 

t h i s  way with t h e  a i d  o f  our General E l s c t r i c  time sha r ing  com- 
puter  terminal ,  Without t h e  computer,. t h e  computations would be 
much t o o  slow t o  be p r a c t i c a l .  I n  t h i s  work t h e  computer is  more 
than  a n  a i d  to  computation. It is  a resezrrch t o o l  which enables  
t h e  p l o t t i n g  o f  curves  based on var ious  ma the ra t i ca l  models 
(equat ions)  i n  a s h o r t  period of time, t h u s  quickly i n d i c a t i n g  
the adequzcy o r  inadequacy of t h e  underlying ma ' the~at ics .  The 
m a t h e m t i c a l  r e sea rch  i s  proceeding simultaneously with the  exper- 
imenta l  research ,  bu t  is still only i n  t h e  prel iminary .stages.  

Severa l  concent ra t ion  curves have been ca l cu la t ed  i n  

V. Fur ther  Work Planned. 
. 

Act iva t ion  Energy of Graftinq: As noted above, a coz- 
par i son  of a c t i v a t i o n  energ ies  of g r a f t i n g  on var ious  polymers 
i s  more s i g n i f i c a n t  than  a simple comparison of r a t e s  a t  room 
temperzture.  T'emperature cont ro l  e q u i p e n t  w i l l  be required i n  
t h e  measurenent o f  a c t i v a t i o n  energ ies ,  and such equiprent  i s  
p resen t ly  be ing  ordered. This phase o f  t h e  research  should be 

.cqmpleted i n  the  next few months. 
Mononer Bzpor  Grafting: Techniques f o r  graf t ing of 

'vapor phase monoriers on polyner f i l m s  w i l l  be developed us ing  
t h e  s g e c i a l  a p p r a t u s  shown i n  Figure 3 .  This  phase o f  t h e  work 
should be f a i r l y  well advanced wi th in  t h e  next  few nonths. 

. . .  I 
, . . ..e. , 
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- Eauil ibr ium Concentration of Monomer: Equilibrium 
doncentTation of  va r ious  monomers i n  va r ious  f i l m s  w i l l  be 
measured by simply weighing: t h e  swollen f i l m  a f t e r  immersion 
i n  mononer f o r  a period o f  time, Equi l ibr ium concentrat ion i s  
one of t he  ' fac tors  influencing the  r a t e  of g r a f t i n g ,  The l e n g t h  
of t i m e  i t  takes the film to bcooma'na%unated is r e l a t e d  t o  the 
r a t e  of monom'er diffusion into the film. At some p o i n t  i n  t h i s  
r e sea rch  i t  may become d e s i r a b l e  and necessary t o  measure d i f -  
fu s ion  cons t an t s  f o r  var ious  rnonomer/polymer pairs , 

E f f e c t  o f  MonoFer Concentration: h e  way of studying 
the e f f e c t  of monomer concentrzt ion is t o  c a r r y  out a s e r i e s  o f  
g r a f t i n g  r e a c t i o n s  on f i l m  immersed in s o l u t i o n s  of monomer a t  
s e v e r a l  d i f f e r e n t  concentrat ions.  T h i s  phase should be complete 
wi th in  the next few months. 

Nurrb2r o f  Radical  Sites Formed: I r r a d i a t i o n  of polymer 
produces polymeric r a d i c a l s ,  and the  i n i t i a t i o n - o f  monomer poly- 
mer iza t ion  t akes  place a t  such f r e e  r a d i c a l  s i t e s ,  The concentra- 
t i o n  o f  f r e e  r a d i c a l s  i n  t h e  polymer can be estimated by r e a c t i o n  
w i t h  a f r e e  r a d i c a l  scavenger such 2s diphenylpicrylhydrzzyl  (DPPB) , 
followed by d e t e m i n a t i o n .  o f  coinbined DPPB us ing  spectrophoto- 
metric a n a l y s i s ,  S tud ie s  of  t h i s '  type w i l l  probably be under- 
taken  i n  t h e  near  f u t u r e .  

Polymer-Polyner Grafting: Gama i r r a d i a t i o n  o f  poly- 
met hylgentenc in t ima te ly  nixed w i t h  soice o the r  polymer should 
produce c ros$ l ink ing  between the  two polymers, Almost no d a t a  
a r e  a v a i l a b l e  i n  t h e  l i t e r a t u r e  on such polymer-polymer graft- 
ing r eac t ions .  An attempt w i l l  be made t o  c a r r y  out such reac- 
t i o n s  as p a r t  o f  t h i s  research. 

a t i o n  o f  g r a f t i n g  by the use o f  a d d i t i v e s  such as redox p a i r s  
have been published. It i s  planned t o  eva luz te  a few a c c e l e r a t o r s  
as p a r t  o f  t h e  present  resemch.  

i n g  i s  i n i t i a t e d  by f r e e  r a d i c a l s  produced wi th in  t h e  polymer 
f i l m .  A t  some t ime i n  t h e  f u t u r e  i t  i s  hoped that  an ESR spectro-  
n e t e r  can be obtained f o r  use i n  s tudying the nature  of such 
polymeric r a d i c a l s ,  

Study o f -  Gra f t ing  AccelerzSors: Accounts of t h e  acce ler -  

Free Radical Charzc te r i za t i cn  by ESB S3ectroscoD.y: Graft- 

.. . .  
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The use  of  ESR spectroscopy t o  c h a r a c t e r i z e  polymeric 
f r e e  r a d i c a l s  was w e l l  demonstrated by Ohnishi (8). Ohnishi 
s tud ied  t h e  oxida t ion  of polxner f i l m s  induced by gamma rays  
f rom a cobal t  source ,  a s e t  of cond i t ions  t ha t  p a r a l l e l s  t h e  
present  r e sea rch  i n  some ways. H i 3  r e s u l t s  were ex tens ive  and 
d e t a i l e d .  Free r a d i c a l s  produced by , irradiat ien  were i d e n t i f i e d  
f o r  s e v e r a l  qolymers, and factors  a f f e c t i n g  ESR s p e c t r a  were 
s tudied.  The concent ra t ion  of f r e e  r a d i c a l s  as 'well a s  f r e e  rad- 
i c a l  formation curves were determined for some polymers. The 
r e a c t i o n s  o f  d i f f e r e n t  t ypes  of polymeric r a d i c a l s  with oxygen 
were followed by t h e  ESR technique. 

uable  i n  i d e n t i f y i n g  the r a d i c a l s  involved i n  the g r a f t i n g  mech- 
anism, and i n  fo l lowing  s i g n i f i c a n t  changes i n  f r e e  r a d i c a l  con- 
c e n t r a t i o n  when d i f f e r e n t  techniques o f  g r a f t i n g  a r e  used. 

I 

I n  the  p re sen t  work, the ESR technique should be val- 
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Figure Cadtions 

I 

I Figure 1. Uni t  s t r u c t u r e s  of polyethylene,  polypropy- 
l e n e ,  and polyme thylpent  ene. 

of 

of 

Figure 2. High vacuum system f o r  outgassing and removal 
oxygen f r o n  monomers. 

1 

Figure 3 .  Spec ia l  apparatus  f o r  fol lowing t h e  graf t ing  
vapor phase monomer t o  polymer f i l m .  

Figure 4. Graf t ing  of  l i q u i d  s ty rene  monomer on 0.0107 
inch  f i l m  of polynethylpentene -0 ; 0.009' inch f i l m  of polyethy- 
l e n e  -0 . I '  . 

Figure 5. Gra f t ing  of liquid s tyrene  -0 2nd s e t h y l  
methacrylate  - A on 0'.0055 inch f i l m  o f  polymethylpentene. 

Figurn 6, Grafting versua swelling in styrene for 0.0055) 
inch polymethylpentene -0 , and 0.009 b c h  polyethylene - D . 

Figure 7. Conparison o f  s ty rene  g r a f t i n g  on polymethyl- 
pentene f i l m  of 0.0055 inch th ickness  -0 and 0.0107 inch  
t h i c k n e s s  - 0. 

Figure 8. Hypothetical  monomer concentrat  ion func t ion  
ve r sus  film th ickness  compared f o r  a t h i n , f i l m  ( A )  and a t h i c k '  
f i l m  ( B ) .  

Figure 9. Hypo*&etical r e l a t i o n s h i p  between gram3 of 
monomer g r a f t e d  p e r  u n i t  t i m e  per u n i t  su r f ace  area and film 
th ickness .  
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